This article discusses the use of probability models and statistical techniques in the investigation and formulation of human nutrient requirements. The power of probability formulation and the expanding pace of data gathering make it essential for the nutrition community to develop a better understanding of these methods and to use them routinely.
Introduction
As research into the human response to food evolves from controlled laboratory studies in industrial countries to field studies around the world, the variability and complexity of the findings become almost overwhelming. The ways in which people respond to foods and to the nutrients they contain are sensitive to a multitude of factors, ranging from geographic to physiological. Synthesizing these research findings into simple, precise recommendations of what people should eat is very important, but it is also very difficult. In the last few years probability models and statistical techniques have been used in the investigation and formulation of human nutrient requirements [1; 2] . Also appearing recently have been a number of extensive expositions of statistics directed to the nonmathematical biomedical worker [e.g. 3; 4] . Because of the power and wide applicability of these methods, the nutrition community needs to be more aware of the value of the "probability approach. " Dietary guidelines and recommendations must include allowances that take into account not only individual biological variability but also differences in the availability of nutrients from foods and diets and in the interactions among nutrients consumed at a single meal. Data gathered from different countries around the world repeatedly show the variability in the human response to food, both within and between individuals. Thus, recommendations for nutrient intake levels must be dealt with by a probability approach.
The probability approach
The variability of a nutrient requirement can be described by considering the requirement to be a "random variable" with a probability distribution. Thus, the requirement of a population for a specific nutrient may be considered to have a Gaussian distribution with some specific mean and standard deviation. This approach recognizes that, while at any given time each individual in a population needs to consume a unique amount of that nutrient in order to maintain a level of well-being, these individual requirements themselves may be different at different times. It can be assumed, however, that, although the individuals change, the population remains constant if environmental conditions (socio-economics, disease, etc.) are stable and its requirements can be estimated from the mean levels and variability of a sample of individuals. Thus, for a specific nutrient, given a representative sample, one can estimate the intake levels that will satisfy the requirements of any given proportion of individuals. It is not possible, however, to predict which individuals will fall above or below a given percentile.
The probability distribution of a nutrient requirement formalizes the fact that a requirement level is not a fixed number, applicable for everyone and for all time. It makes explicit the reality that any reasonable level of intake will leave a certain fraction of the population below requirement, although this may be different individuals at different times.
Multivariate aspects of the probability approach
Given that the requirement for each nutrient has a probability distribution, the concept of joint or multiple probability distributions is a natural extension to describe how two or more requirements, each with its own variability, are related. Not only can different nutrient requirements be assumed to have their own distributions, but interactions among nutrients can be formalized within the probability model. The simplest models are the bivariate Gaussian distributions, which describe the relationships by the correlation coefficient (for example, the negative correlations between dispensable or nonessential amino acids where the intake of one reduces the need for others). Of course, much more complex interactions among nutrients have been postulated, both synergistic and antagonistic, that require more complex probability models.
One can apply the concept of joint distributions to other aspects of the requirement problem. For example, in formulating recommendations for energy intake, both the amount needed for normal functioning and the health consequences of overfeeding must be considered. Energy intake recommendations need to be based on the joint distribution of minimal need (requirement) and maximal tolerance. This critical balance between two aspects of a nutrient is obvious in the case of energy, but it is a problem that also arises with other nutrients that are essential and yet have adverse effects above certain levels.
Another example of the use of joint distributions is in the estimation of the fraction of the population at risk because of intake falling below requirement. This is not a straightforward problem whenever intake and requirement are related. Often, as in this case, the symmetrical Gaussian distribution will fit the data, with the correlation coefficient describing how the two are related.
The usefulness of the probability approach
The concept of the distribution of requirement for a particular group of individuals provides a general model for many critical aspects of nutrition. This offers a valuable way of organizing and communicating data and of designing and describing investigations, and, additionally, gives access to a range of powerful statistical tools for comparing, contrasting, and exploring nutritional data.
A probability approach forces confrontation with some of the underlying problems of the definition of requirement. Currently, for each nutrient there may be a unique definition or set of definitions, and often each group of researchers exploring a nutrient may use its own definitions. Sometimes these are precisely defined (e.g. protein in terms of maintaining body nitrogen balance), but often they are based on subjective judgments (e.g. of how much energy should be provided for physical activity, or how large iron stores should be). A common probability model, even if it does not standardize the various definitions, will assist by making them explicit and more available for comment, question, and testing.
One troublesome feature of variability within a population is that intake levels that are high enough to meet the requirements of almost all individuals can be unreasonably high for many individuals. A frequent approach is to divide the population into groups of similar individuals-for example, on the basis of sex, age, and/or physiological state (such as pregnancy)-and to calculate the requirements separately for each group. Different groupings are often used for different nutrients, and in addition this approach has a number of inherent problems (such as the difficulties introduced by splitting by age when what is needed is a split by physiological state-e.g. pre-and post-menarche). Moreover, traditional models deal primarily with the inherent biological variability between individuals, usually ignoring the differences within individuals over time, as well as the variability introduced by the method of estimation. Explicit probability modelling of requirement as a random variable permits the use of standard statistical techniques (such as analysis of covariance) to estimate population requirements more precisely and realistically by taking into explicit account other population characteristics. An approach to describing requirements in terms appropriate for nearly all family members is that adopted by a Latin American workshop [5] of expressing them per 1,000 calories of the household diet.
Viewing nutritional requirements in the context of multivariate distributions provides the investigator access to a full range of multivariate statistical techniques [3; 41 for such purposes as exploring the results of field studies. These techniques include multivariate analysis of variance for comparing populations simultaneously along several dimensions, and the exploratory multivariate techniques that are available for examining complex relationships (e.g. clustering, factor analysis, and canonical correlation). One specific example is in the use of risk analysis to provide explicit cost/benefit formulations for planners by giving them models with which to estimate the numbers of people affected by raising or lowering recommendations.
Finally, the application of statistical techniques to data that already exist can give insight into what new data are needed to extend our understanding of human nutrition, and will guide the design of efficient experiments to obtain these data.
Summary
There is a growing need for the formal use of statistics and probability for the conceptualization of human nutrient requirements and human responses to foods. For these purposes, probability statistics provides the natural tools for dealing with the complex variability encountered. Probability models offer ways of thinking about nutrient requirements that allow easy expression and data synthesis, that give access to a large body of statistical techniques that have been developed to deal with similar problems, and that suggest and assist in the design of critical experiments. The probability approach is a natural formalization of the ways in which many nutritionists have long viewed their problems. However' the power of probability formalization and the expanding pace of data gathering, make it essential for the nutrition community to develop a better understanding of these approaches and to employ them routinely.
